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structure management. These tools, in many cases applied by professionals operating in areas not well covered by traditional educational programs, must bridge among disciplines. Three major research areas that offer high payoff potential are discussed in this chapter:
1.   development of systems models that planners, designers, and managers can use to consider the interactions of infrastructure modes among themselves, with their service environment, and with changing user demands;
2.   development of ways to achieve faster integration of new technology into infrastructure design and management practice; and
3.   development of improved methods for anticipating consequences of catastrophic events and developing appropriate response strategies.
SYSTEMS MODELS
Few interactive models of infrastructure system components have been developed that can effectively be employed in planning and design settings. While network models for transportation, water supply, and electrical energy transmission are routinely used in planning, these models have limited abilities to address intermodal interactions or related issues such as environmental quality and multiple use of public facilities. Urban development and operations models that could be used at large scales have pool records for accuracy in relation to their costs, and suggest that improvements may lie in sharply reducing costs rather than increasing complexity.
New models of energy delivery systems, for example, would suppor analysis of the entire process from primary source generation to waste product disposal. Areas of largest analytical uncertainty include technolo gy improvement forecasts, fuel substitutability, and waste-product dispos al, issues that are not easily addressed using most standard analytica tools. In the area of telecommunications, policy analysis methods an needed to support consideration not only of intra-system options but als< of linkages among information and data processing.
Computers, information management practices, and sensor technology ar< enabling "real-time" monitoring of infrastructure conditions and fast manage ment responses (Chapter 5). Infrastructure professionals need tools to take ful advantage of these capabilities for improved responsiveness to demand anc mitigation of adverse effects of infrastructure deterioration or failure.
Research in this area would deal primarily with development of reli able and cost-effective procedures for forecasting system behaviors ani selecting among plan, design, and operating alternatives. Included in thi range of research would be efforts to improve methods for demand anal} sis, particularly with respect to intermodal effects and consequences c uncertainty. Assessment of experience is needed to support modificatio: or replacement of currently used models and methods.ent of gross sales on research,4 or $1.025 billion. Much of this research is funded by commerciales they support) a role in enhancing supplies of clean air and water. However, the committee determined that these concerns were beyond the scope of its study.4
